Abstract Study on the characters of energy confinement in both Ohmic and lower hybrid wave (LHW) discharges on EAST is conducted and the linear Ohmic confinement (LOC), saturated ohmic confinement (SOC) and improved Ohmic confinement (IOC) regimes are investigated in this paper. It is observed that an improved confinement mode characterized by both a drop of Dα line intensity and an increase in line average density can be triggered by a gas puffing pulse.
Introduction
EAST is a fully superconducting tokamak with a non-circular cross section and aimed at a study on steady-state advanced tokamak regime [1∼8] . It is with a major radius of R = 1.75 m and a minor radius of a = 0.4 m. In EAST plasma current, density and displacement can be feedback controlled simultaneously. In the experiment during 2009∼2010, the plasma line average density was in a range of (0.3 to 3.2)× 10 19 m −3 , with the Greenwald factor n/n GW up to 1.15, plasma current I p was 150 kA to 500 kA and the toroidal field B t was 2 T to 2.25 T. Edge safety factor varied from 3.2 to 6 and energy confinement characters in Ohmic and lower hybrid wave (LHW) discharges were studied.
Lower hybrid wave (LHW) has been proven to be a successful method to drive plasma current in a tokamak. LHW experiments have been oriented towards the exploration of current drive and current profile control applicability for tokamak plasma in steady-state operation [9∼12] . Long duration divertor plasma discharges (t = 60 s) with LHW were successfully achieved in EAST. Energy confinement study in LHW plasma implies a typical L-mode character. The highest energy confinement time τ E achieved was 120 ms.
For Ohmic discharges, there are different confinement regimes in a tokamak in principle [13] . The linear Ohmic confinement (LOC) regime stands for the relatively low density where the confinement time is found to increase linearly with density up to some critical value. Upon this critical density, the confinement time keeps constant with density, which is called the saturated Ohmic confinement (SOC) regime. Alternatively, by controlling the density in such a way as to maintain a peaked density profile it has proved possible to extend the linear scaling into the so-called improved Ohmic confinement (IOC) regime [13, 14] . These different regimes have been observed on EAST and the Ohmic discharges showed a good correlation with the neo-Alcator scaling law [15] .
Experimental setup
EAST is a first full superconducting tokamak with a former name HT-7U [1] . Sixteen D-shaped superconducting toroidal field coils are utilized to achieve the steady state operation by producing a toroidal magnetic field B t of up to 3.5 T. Other key components of EAST are fourteen superconducting poloidal field (PF) coils, current leads and superconducting bus lines, vacuum vessel, thermal shields, cryostat, divertor and in-vessel components. PF system offers the flexibility and reliability to shape control of plasma with high elongation and triangularity, especially to demonstrate single-null (SN), double-null (DN) configurations. Fully superconducting coils and strongly shaped plasma configuration are required for future tokamak studies. EAST is the first tokamak which can achieve both requirements simultaneously yet [7] . Since 2008, the material of the first wall on EAST has been upgraded from steel to graphite [4, 5] . The diagnostics in EAST are described in Ref. [8] and are still in development. In the latest experimental campaign on EAST the main diagnostics are as follows. A vertical 3-channel far-infrared (FIR) hydrogen cyanide (HCN) laser interferometer to measure the line average density, multi-channel soft X-ray arrays for intensity measurement, a 16-channel heterodyne electron cyclotron emission (ECE) to measure the profile of electron temperature, a 25-channel Thomson scattering system for the measurement of density and temperature profiles, two 16-channel XUV arrays to measure plasma radiation losses, two hard X-ray arrays (7-channel and 18-channel, respectively) for intensity measurement, an electromagnetic measurement system, two 35-channel D α emission (horizontal) and one 18-channel D α (vertical) arrays, an 8-channel visible bremsstrahlung emission, an impurity optical spectrum measurement system and two optical spectroscopic multi-channel analyzers (OSMA). Part of these diagnostics systems in EAST with a flux surface obtained by EFIT is shown in Fig. 1 . In this paper the plasma configurations applied are that all Ohmic discharges are in circular crosssectional configurations while all LHW discharges are in the DN divertor configurations. All data employed to calculate the energy confinement time are from the magnetic diagnostic (plasma stored energy, plasma current and loop voltage) only. 
Energy confinement of LHW heating discharges
In EAST LHW system was mainly applied as the heating and current driving system by twenty klystrons at a frequency of 2.45 GHz with a power of 100 kW for each and 2 MW totally in a continuous wave (CW) mode. Steady-state operation with LHW has been achieved in different divertor discharges. Main plasma parameters in LHW heating experiment cover the ranges mentioned above. The discharge duration can be extended to 60 s while the highest launched power applied during the experiment is about 1.2 MW. Also, a lot of double null (DN) and single null (SN) divertor discharges were obtained with LHW. The highest plasma energy W E reached 90 kJ.
The energy confinement time measured experimentally and that from ITER-89 scaling law [16] are compared for LHW discharges and shown in Fig. 2 . It is indicated that the experimental energy confinement time during LHW discharges is in a typical L-mode regime where a highest value of 120 ms. It is also likely indicated in Fig. 2 that energy confinement time increase with the increase in plasma current. In the experiment, the highest plasma current is around 500 kA in EAST. In the near future a higher energy confinement time is expected for a higher plasma current up to 1 MA. A dependence of H factor, H 89 , on the line-averaged density for central cord is shown In Fig. 3 . It is indicated that the highest H factor stays around 1.5, where the best range of the plasma density for heating efficiency is (1∼1.5)× 10 19 m −3 . But there seems no strong dependence of H factor on plasma current. 
Energy confinement of Ohmic discharges
The Ohmic heating experiments presented in this paper were carried out in deuterium discharges with the following typical parameters, namely line-averaged density in a range of (0.8∼3)× 10 19 m −3 , plasma current I p of 150 kA to 300 kA and the toroidal field B t of 2 T. The scaling of energy confinement time is shown in Fig. 4 . The maximum experimental energy confinement time reached in this case is 300 ms. It is clearly shown that the confinement time of Ohmic discharges in EAST exhibits a good relationship with the neoAlcator law, for the energy confinement time varying from 30 ms to 300 ms. A series of Ohmic discharges, in a plasma current I p of about 300 kA and an edge safety factor q of about 5, are selected for the study on different Ohmic confinement regimes with a result shown in Fig. 5 . For the LOC regime in this series of Ohmic discharges, the line average density ranges from 1× 10 19 m −3 to 1.6× 10 19 m −3 . The energy confinement time is saturated at a density of 1.6× 10 19 m −3 , which is in agreement with the study in Ref. [5] . With the averaged density varying from 1.6× 10 19 m −3 to 2.8× 10 19 m −3 , the experimental energy confinement time increases from 80 ms to 120 ms, which is related to the IOC regime, as shown by solid points in Fig. 5 . All discharges in the IOC regime are carried out with a full graphite wall and a peaked density profile. The transition from the saturated to the IOC regimes during one shot is shown in Fig. 6 . As the externallyfeedback gas puffing, shown in Fig. 6(c) , is reduced from t = 2.1 s, the peaking factor of the density profile starts increase continuously, from 1.1 to 1.3, as shown in Fig. 6(b) . The decrease in D α emission intensity by a factor of 25% to 30% as shown in Fig. 6(d) , and the increase in plasma stored energy by a factor of 40% as shown in Fig. 6(e) , imply an improvement in confinement. The improvement in plasma confinement may be understood as follows. The reduction of gas feeding at a certain moment leads to a slow peaking of the density profile. The higher gradient causes an inward pinch (e.g. Ware Pinch from neoclassical theory or a turbulence driven pinch). Then an increase in confinement time is established. A CO 2 laser scattering system will be installed on EAST in 2011. A study on both confinement and transport will be carried out further based on the observation of fluctuations.
Conclusion
Characters in energy confinement of both Ohmic and LHW plasma were studied in recent experiments on EAST and presented in this paper. It is shown that in EAST the LHW plasma is in a typical L-mode regime, with the highest energy confinement time of τ E = 120 ms and the highest H 89 factor of about 1.5. Both experimental energy confinement time and the scaling law in Ohmic plasma obey the neo-Alcator law well. LOC, SOC and IOC regimes are observed on EAST. The linear scaling regime of τ E ∝ n e is extended up to a density of 2.9× 10 19 m −3 . An improved confinement mode triggered by a peaking density profile, induced by a reduced gas puffing, was observed also in the Ohmic case, with an increase of 1.5 times in the energy confinement time and that of 1.4 time in plasma stored energy.
